Anamorphic basidiomycetous yeast strains RS090
INTRODUCTION
The genus Dioszegia was introduced based on a single species, Dioszegia hungarica, by Zsolt (1957) . Although he did not describe the ballistoconidium-forming ability of the strain, he observed sterigma under a microscope and drew figures as 'short but well-marked sterigmata (necklike connection)'. This species was moved to the genus Cryptococcus (Phaff & Fell, 1970 ) because ballistoconidia were not observed from the species and the 'neck-like connection' was found in various species in the genus Cryptococcus. With the progress of molecular techniques, the taxonomic significance of ballistoconidium-forming activity has been discredited as a result of numerous phylogenetic studies of ballistoconidiogenous and nonballistoconidiogenous yeasts (for example, Fell et al., 2000; Scorzetti et al. 2002; Takashima & Nakase, 1999) . Based on high DNA-DNA relatedness between Cryptococcus hungaricus (the type species of the genus Dioszegia) and Bullera armeniaca, Takashima et al. (2001) stated that the two were conspecific. As a result, they reaffirmed the genus Dioszegia to be a distinct genus based on sequence signatures in the small-subunit (18S) rRNA gene sequence and reinstated D. hungarica with two new combinations for phylogenetically closely related species, Dioszegia aurantiaca and Dioszegia crocea. Since then, several species belonging to this genus have been described, and a total of 15 species are now included in the genus.
The species described to date make a distinct cluster, the Dioszegia subclade sensu Inácio (Inácio et al., 2005) , in the Tremellales and are characterized by orange-yellow or orange to deep-orange colonies. Interestingly, most of the species belonging to the genus were isolated from plant leaves and only one of the heretofore described and available species, D. hungarica, the type species, was isolated from soil. The paper of Renker et al. (2004) raised the possibility of close associations between plants and Dioszegia species through roots, and isolation of Dioszegia species from soil samples has been reported by Vishniac (2006a) and Connell et al. (2008 Connell et al. ( , 2010 .
In our course of study of the biodiversity of yeasts in Japan, we isolated two strains belonging to the genus Dioszegia from a soil sample from Rishiri Island in the RishiriRebun-Sarobetsu National Park. After sequence analyses of the D1/D2 domain of the large-subunit (LSU) rRNA gene and internal transcribed spacer (ITS) region, these yeasts were found to represent a new species, phylogenetically closely related to Dioszegia buhagiarii and D. hungarica in the Tremellales, Tremellomycetes, Basidiomycota.
METHODS

Isolation. Strains RS090
T and RS092 were isolated from a soil sample collected in July 2007 from the Minamihama marsh area of Rishiri Island. Approximately 0.5 g soil sample was suspended in 5 ml M3C broth (Vishniac, 1985) and shaken at 20 r.p.m. for 10-20 min at 15 uC; 0.1 ml soil suspension was then spread on M3C agar and DRBC agar (Difco) plates containing 50 mg chloramphenicol ml IP: 54.70.40.11
On: Sun, 04 Aug 2019 08:40:21 (Wako). The agar plates were kept at 15 uC and the colonies produced were isolated and checked.
Morphological, physiological and biochemical characteristics were generally examined according to Yarrow (1998) . Assimilation of nitrogen compounds was investigated on solid media using starved inoculum. Vitamin requirements were determined by the method of Komagata & Nakase (1967) .
Sequencing and phylogenetic analysis. The DNA fragment including the ITS regions and the D1/D2 domain of the LSU rRNA gene was amplified directly from yeast cells. Cells were suspended in 60 ml Prepman Ultra sample preparation reagent (Applied Biosystems) and template DNA was prepared according to the manufacturer's instructions. The ITS regions, including the 5.8S rRNA gene, were amplified by PCR according to Sugita & Nakase (1999) . The D1/D2 domain of the LSU rRNA gene was amplified following Kurtzman & Robnett (1997) . PCR products were sequenced directly using an ABI Prism Big Dye Terminator cycle sequencing ready reaction kit (Applied Biosystems) and analysed with an Applied Biosystems sequencer model 3100 according to the manufacturer's instructions. Reference sequences used for phylogenetic study ( Fig. 1 and Supplementary Fig. S1 , available in IJSEM Online) were obtained from the DDBJ/GenBank/EMBL database. Two subsets of the segment were made into datasets: the D1/D2 domain of the LSU rRNA gene and the ITS region plus D1/D2 domain. Multiple alignments were performed using CLUSTAL W version 1.83 (Thompson et al., 1994) ; final alignments were adjusted manually. Ambiguous positions and alignment gaps were excluded from the analyses. Neighbour-joining trees (Saitou & Nei, 1987) were reconstructed using MEGA version 4 (Tamura et al., 2007) , with 1000 bootstrap replicates (Felsenstein, 1985) .
RESULTS AND DISCUSSION
Taxonomic position
Strains RS090
T and RS092 were isolated from the same sample collected on Rishiri Island. The sequences of the D1/D2 domain of their LSU rRNA genes were identical; however, those of the ITS regions showed four base differences (one insertion/deletion and three transitions; 98.2 % similarity); we assume that these differences reflect intraspecific diversity. In the phylogenetic tree based on the D1/D2 domain of the LSU rRNA gene, strains RS090
T and RS092 constituted a cluster with D. buhagiarii and D. hungarica and were included in the Tremellales, Tremellomycetes, Basidiomycota, but the bootstrap value was low (Fig. 1) . The sequence similarity between RS090 T and the closest species, D. hungarica and D. buhagiarii, was 98 % in the D1/D2 domain of the LSU rRNA gene (13 substitutions with one insertion/deletion), and more than 17 base differences were observed for other species, indicating that our isolates belong to a single novel species in the genus Dioszegia.
Based on these results, we conclude that our isolates represent a distinct species, for which the name Dioszegia rishiriensis sp. nov. is proposed. The physiological and biochemical properties of D. rishiriensis were similar to those of D. buhagiarii and D. hungarica, but the former could be clearly differentiated from the latter two species by its assimilation patterns for DL-lactate and citrate (Table 1) .
Distribution of Dioszegia species in soil
Although the type strain of D. hungarica was isolated from soil, in Tihany, Hungary (Zsolt, 1957) (Vishniac, 2006b ). In contrast, only these two strains of this novel species have been isolated, although we used not only soils but also plant materials as isolation sources, including samples from the Minamihama marsh area where the type strain was isolated. After checking Dioszegia strains isolated from plant leaves in Japan (mainly near the Tokyo area) by the ballistoconidium-falling method and kept in our laboratory or the Japan Collection of Microorganisms (JCM), we found no other strains belonging to this species. We can therefore say only that D. rishiriensis is a component of the population, and further study is necessary to understand the distribution of this and other Dioszegia species. Fig. 1 . Neighbour-joining tree of Dioszegia rishiriensis sp. nov. and related species based on sequences of the D1/D2 domain of the LSU rRNA gene. Evolutionary distances were calculated according to Kimura (1980) . Numbers at nodes represent percentages from 1000 replicate bootstrap samplings (values less than 50 % not shown). Sequences were retrieved from the DDBJ/GenBank/EMBL databases under the accession numbers indicated. Bar, 0.01 substitutions per nucleotide position.
Latin diagnosis of Dioszegia rishiriensis sp. nov.
In liquido YM, post dies 3 ad 17 u C cellulae globosae, ovoideae, ellipsoideae aut apiculatae, (3.8-6.3)6(4.5-10) mm, singulae vel binae; post unum mensen ad 17 u C annullus fragilis, insulae et sedimentum formantur. In agaro YM, post unum mensem ad 17 u C cultura aurantiaca, glabra, subnitida, mollis aut butyracea, et margo glabra. Mycelium et pseudomycelium non formantur. Post unum mensem ad 17 u C in CMA, ballisosporae nullae. Fermentatio nulla. Glucosum, galactosum, L-sorbosum (lente et exiguum), sucrosum, maltosum, cellobiosum, trehalosum, raffinosum, melezitosum, amylum solubile,
acidum D-gluconicum, acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum DL-lacticum (lente), acidum succinicum (lente), acidum saccharicum (lente), xylitolum (lente et exiguum), L-arabinitolum (lente et exiguum), acidum D-glucuronicum et acidum D-galacturonicum assimilantur, at non lactosum, melibiosum, inulinum, methanolum, glycerolum, erythritolum, methyl-a-D-glucosidum, acidum citricum, inositolum, hexadecanum, propane-1,2-diolum nec butane-2,3-diolum. Natrium nitrosum et L-lysinum assimilantur, at non kalium nitricum, ethylaminum nec cadaverinum. Cultura crescens ad 25 u C at non ad 30 u C. Ad crescentiam thiaminum necessarium est. Ureum hydrolysatur. Commutatio colori per diazonium caeruleum B positiva. Teleomorphosis ignota.
Holotypus: isolatio RS090 ex luto, uligo Minamihama, Rishiri, Hokkaido, Japonia, M. In YM broth, after 3 days at 17 u C, cells are globose, oval, ellipsoidal, apiculate, (3.8-6.3)6(4.5-10) mm, single or in pairs (Fig. 2) . A sediment is formed. After 1 month, a complete and fragile ring, islets and a sediment are produced. On YM agar, after 1 month at 17 u C, the streak culture is orange, smooth, semi-shining, soft to butyrous and has an entire margin. In Dalmau plate culture on cornmeal agar, mycelium and pseudomycelium are not formed. After 4 weeks of incubation on cornmeal agar at 17 u C, ballistoconidia are not produced. 
